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Aberrant expression and mutation in the p53 and MTS1/CDK4I genes were determined from 11 normal, 8
preneoplastic and 25 neoplastic oral tissues obtained from Beijing, China, using immunostaining, single
strand conformational polymorphism analysis, and nucleotide sequencing. Normal tissue showed a negli-
gible amount of p53 immunostaining, while 3 (38%) of 8 preneoplastic, and 16 (64%) of 25 cancer tissues
demonstrated moderate to strong p53 immunostaining. Point mutations within exons 5 to 8 were not de-
tected in normal tissue specimens, but were detected in 2 (25%) preneoplastic tissues and in 15 (60%)
cancer specimens. Of the tissues with mutations, 2 (100%) preneoplastic and 14 (93%) cancer tissues con-
tained a CGT to CAT mutation at codon 273 of p53 gene. One cancer tissue showed a silent mutation (CGC
to CTC) at codon 283. Three cancer specimens containing a point mutation at codon 273 also showed ad-
ditional silent mutations at codons 156, 157, or 275. These data indicate that p53 mutation is highly pre-
valent in tested preneoplastic and neoplastic oral tissues and that the codon 273 is the "hot-spot’ for
point mutations. The enhanced p53 immunostaining was, in general, closely associated with point mu-
tations, but 1 (13%) preneoplastic sample and 5 (20%) neoplastic oral tissues not containing point mu-
tations within exons 5 to 8 demonstrated enhanced immunostaining. Over 62% of preneoplastic and 80%
of neoplastic oral tissues contained mutations in MTS1/CDK4l gene, but, unlike p53 mutations, the mu-
tation pattern of MTS1/CDK4l gene was not specific. Two preneoplastic (25%) and 12 neoplastic (48%) tis-
sues contained mutations in both p53 and MTS1/CDK4I genes, and 2 preneoplastic (25%) and 3 neoplastic

(12%) tissues contained mutations neither in p53 nor in MTS1/CDK4I genes.
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Introduction

Although the incidence of oral cancer is re-
latively low in the Western countries, it is one of
the most common malignant tumors in a number
of Asian countries (Parkin et al., 1988). Extensive
consumption of tobacco is associated with cellular
DNA damage and an increased incidence of oral
cancer in humans (De Stefani et al., 1990; Talam-
ini et al., 1990; Stich et al., 1992). The con-
stituents of tobacco responsible for cellular DNA
damage are polycyclic aromatic hydrocarbons
(PAH) and tobacco-specific nitrosamines, both of

'Present address: College of Dentistry, Seoul National
University, Seoul Korea.

The contributions of Drs. Sheng-Lin Li and Jeong-Hwa Baek
to this article are equal.
5To whom correspondence and reprint request should be
sent, at the UCLA Dental Research Institute, Box 951668,
10833 Le Conte Avenue, Los Angeles, CA 90095-1668,
USA. Fax: 310 825-0921.

which show DNA alkylation and carcinogenicity in
animals (Preston-Martin and Correa, 1988; Hecht
et al., 1988; Preston-Martin, 1991). Inasmuch as
oral epithelial cells have direct contact with these
chemicals in the oral cavity of tobacco users, the
likelihood of cellular DNA damage is significantly
higher in tobacco users compared to individuals
who do not use tobacco.

Many studies have indicated that mutations in
the p53 tumor suppressor gene are the most fre-
quently found genetic disorders in most human
cancers including oral cancer (Hollstein et al.,
1991; Ogden et al., 1992; Sakai et al., 1992; Lev-
ine, 1993). Mutations of the p53 gene through eith-
er rearrangement, deletion, or point mutation
result in either no expression of wt p53 or overex-
pression of mutant p53 protein that, in turn, acts
as an oncogene product {Hollstein et al., 1991; Lev-
ine, 1993). The causes of p53 mutation are not
known, but a significant body of evidence indicates
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that exposure to various mutagens may be respon-
sible. For example, extensive consumption of to-
bacco, infections with hepatitis B and C viruses,
and continuous exposure to aflatoxin B1 are close-
ly associated with the point mutations of p53 gene
(Ogden et al., 1992; Aguilar et al., 1994; Fujimoto
et al., 1994). A tumor suppressor gene, MTS1/CDK
41 (multiple tumor suppressor-1/cyclin-dependent
kinase-4 inhibitor), was recently isolated and
mapped at 9p21 of human genome (Kamb et al.,
1994; Nobori et al., 1994). The MTS1/CDK4I gene
encodes pl6 that inhibits the function of active
cyclin D-cdk4 complexes, and in doing so induces
the arrest of cell cycle progression (Hunter and
Pines, 1994). A recent study suggests a positive as-
sociation between the loss of heterozygosity of 9p21
and the immortal phenotype of keratinocytes deriv-
ed from head and neck carcilioma (Loughran et al.,
1994), indicating that loss of MTS1/CDK4I activity
may, in part, be responsible for the immortal-
ization of human keratinocytes. Extremely high
mutation frequency of this gene has been reported
in melanoma cell lines, lymphoblastoid cell lines
derived from dysplastic nervous system, eso-
phageal squamous cell carcinomas, primary non-
small cell lung carcinomas, and pancreatic ade-
nocarcinomas {Kamb et al., 1994; Nobori et al.,
1994; Mori et al., 1994; Hayashi et al., 1994; Cal-
das et al.,, 1994). However, there has been con-
siderable controversy over the role of the MTSI/
CDK4I gene product, pl6, in neoplasia, because,
unlike in the tumor cell lines, high frequency of
MTS1/CDK4l mutations is not identified with
some primary tumor tissues (Cairns et al., 1994;
Spruck et al., 1994; Zhang et al., 1994; Ohta et al.,
1994).

In the present study, we investigated the fre-
quency of aberrant expression and mutation of the
p53 gene, mutation frequency of MTSI/CDK4I
gene, and the association between a history of
heavy tobacco consumption and the frequency of
these mutations in normal, preneoplastic, and neo-
plastic (squamous cell carcinoma) oral tissues ob-
tained from Beijing, China. In our study, 25% of
preneoplastic and 64% of oral cancer tissues show-
ed moderate to strong p53 immunostaining. Point
mutations within exons 5 to 8 were detected in
25% of preneoplastic tissues and in 60% of cancer
specimens. Of the tissues with mutations, 100% of
the preneoplastic tissues and 93% of the cancer
tissues contained a CGT to CAT mutation at co-

don 273 of the p53 gene. Thus p53 mutations are
highly prevalent in preneoplastic and neoplastic
oral tissues. Also codon 273 is the “hot-spot” for
point mutations in the tested preneoplastic and
neoplastic tissues. The p53 immunostaining data
were, in general, in agreement with the pomnt mu-
tations: Enhanced staining was seen in all speci-
mens containing point mutations. Sixty-two per-
cent of preneoplastic and 80% of neoplastic oral
tissues contained mutations of MTS1/CDK4I gene,
but, unlike p53 mutations, the mutations of MTS1/
CDKA4I gene were nonspecific. Mutations of either p
53 or MTS1/CDK4I genes were found in 75% of
preneoplastic tissues, indicating that those mu-
tations may be an early event in the multistep car-
cinogenesis of human oral tissue. However, the mu-
tations of both p53 and MTSI/CDK4I are not al-
ways positively linked to a history of heavy tobacco
consumption (more than 20 pack-years), suggesting
that risk factor(sj other than tobacco consumption
or smoking history less than 20 pack-years may
also be involved in the mutations of both p53 and
MTS1/CDK4I genes in the tested tissues.

Materials and Methods

Patients, collection of samples, and histological
examination

Eight biopsy-proven preneoplastic oral tissues
(leukoplakia) and 25 oral squamous cell carcinoma
specimens were obtained from patients undergoing
biopsy and surgery, respectively, at the Beijing Med-
ical University School of Stomatology, Beijing, China.
Eleven normal oral tissues were also obtained from
volunteers. All participants were native Chinese and
have spent their whole lives in the metropolitan
area. Histories of tobacco consumption were also ob-
tained. Specimens were obtained from tongue, lip,
buccal mucosa, palate, gingiva, or retromolar area.
The tissues were fixed in neutral formalin, em-
bedded in paraffin, and sectioned for histological
and immunohistochemical analysis.

Immunohistochemistry

The avidin-biotin-horseradish peroxidase com-
plex (ABC) procedure was used to stain p53 pro-
tein using the DAKO LSAB® Kit (DAKO Corp., Car-
pinteria, CA). Paraffin sections were deparaffinized
and rehydrated using xylene, ethanol and water as
recommended by the manufacturer. The sections
were then treated with 3% hydrogen peroxide for
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blocking the intrinsic peroxidase activity. After an
initial blockage with nonimmune goat serum, the
tissues were exposed to monoclonal antibody PAb
1801 (Ab-2; Oncogene Sciences, Manhasset, NY)
that recognizes denaturation-resistant epitope in
human p53 located between amino acid 32 and 79
(Banks et al., 1986). The tissues were then treated
with biotinylated antimouse IgG and peroxidase-
conjugated streptavidin followed by incubation in
peroxidase substrate solution (3-amino-9-ethyl-
carbazole) and counterstaining with Mayer's hema-
toxylin. The degree of nuclear staining in cells was
arbitrarily graded none, moderate, and intense.

Polymerase Chain Reaction (PCR) amplification
and single strand conformational polymorphism
(SSCP) analysis

Unstained 20 um paraffin-embedded sections
were used to extract cellular DNA using standard
procedures. The sections were incubated in xylene
for 5 min in eppendorff tubes, and the superna-
tants were eliminated after centrifugation. This pro-
cedure was repeated with 10 min incubation in xy-
lene. After washing with 95% and 75% ethanol for
10 sec each, the pellets were air-dried. The samples
were then incubated overnight at 37°C in DNA ex-
traction buffer (100 mM NaCl; 10 mM Tris HCl, pH
8.0; 25 mM EDTA; 0.5% SDS; 100 pg/ml proteinase
K) and extracted twice with phenol and once with
chloroform. DNA was precipitated with 10 M am-
monium sulfate and 2.5 volumes of ethanol for 15
min at -70°C. DNA concentrations and purity were
determined by optimal absorbance at 260 nm and
280 nm.

Amplification of pb53 was carried out using a
DNA PCR kit (Perkin-Elmer Cetus, Irvine, CA) for
SSCP analysis. The oligonucleotide primers (Table
1) used for the amplification of p53 (exons 5, 6, 7,

and 8) were custom-synthesized by Bio-Synthesis,
Inc. (Louisville, TX). Each exon was amplified from
1 ug of DNA by addition of 10 ul of PCR mixture
containing 10 mM Tris HCI (pH 8.3), 50 mM KCl,
5mM MgCl,, 2.5 units of recombinant Tag DNA po-
lymerase, 70 pM of dNTPs, 0.2 uyM of p53 primers,
and 1 uCi of [**PIdCTP (7,000 Ci/mmol, ICN, Costa
Mesa, CA). Each amplification cycle consisted of 1
min of denaturation at 94°C, followed by 2 min of
annealing (60°C) and 3 min of extension (72°C). A
total of 30 cycles were run with a final extension
step at 72°C for 7 min. The 1.5 ul of PCR products
were then mixed with 9 pl of loading buffer (0.05%
bromophenol blue/0.05% xylene cyanol FF [Sigma,
St. Louis, MO]/10 mM NaOH in formamide). One
ul of the final product was loaded onto 0.5X MDE
gel (AT Biochem., Malvern, PA} and electro-
phoresed at 6W for 10 hours at room temperature.
The gel was dried onto a filter paper and exposed
to X-ray film at -70°C for 12 hours with an in-
tensifying screen.

Sequencing of PCR product

Samples containing mutation of the p53 gene (as
revealed by the SSCP analysis) were amplified us-
ing similar reaction cycle conditions to those des-
cribed above, but without [*P]JdCTP in the reaction
mixture. Exons 1 and 2 of MTS1/CDK4I gene were
also amplified in a similar manner using custom-
synthesized primers (Table 1). The amplified DNAs
were ligated to pCRII vector using TA™ Cloning Kit
(Invitrogen, San Diego, CA) under the conditions
recommended by the manufacturer. The nu-
cleotide sequences of the cloned p53 and MTS1/
CDK4l DNA were determined by the primer ex-
tension method from at least 5 clones of each
cDNA using Sequenase (USB Corp., Cleveland, OH)
as described previously (Kim et al., 1993).

Table 1. Sequences of primers used for the amplification of p53 (exons 5, 6, 7, and 8) and MISI/CDK4I (exons 1 and 2)

genes

p53 Exon 5: 5'-TACTCCCCTGCCCTCAACAA-3' (sense)
5'-CATCGCTATCTGAGCAGCGC-3' (antisense)

p53 Exon 6: 5'-GTCTGGCCCCTCCTCAGCA-3' (sense)
5'-CTCAGGCGGCTCATAGGGCA-3' (antisense)

P53 Exon 7: 5'-TCTGACTGTACCACCATCCA-3' (sense})
5'-CTGGAGTCTTCCAGTGTGAT-3' (antisense)

P53 Exon 8: 5'-TGGTAATCTACTGGGACGGA-3' (sense)
5'-CGGAGATTCTCTTCCTCTGT-3' {antisense)

MIS1/CDK4I Exon 1: 5'-GCGCTACCTGATTCCAATTC-3' (sense)
5'-GAAGAAAGAGGAGGGGCTG-3' (antisense)

MIS1/CDK4I Exon 2: 5'-TCTGACCTTTGGAAGCTCT-3' (sense)

5'-GGAAATTGGAAACTGGAAGC-3' (antisense)
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Results

Histological analysis and immunchistochemical
staining of p53 protein

All preneoplastic tissues demonstrated epithelial
dysplasia (2 with mild, 1 with moderate, and 4
with severe epithelial dysplasia). Of the 25 cancer
specimens, 24 samples were histologically
squamous cell carcinomas (1 well differentiated, 4
moderately differentiated and 20 poorly dif-
ferentiated), and one specimen was osteosarcoma.
To determine the level of p53 protein, the paraffin

sections were immunostained using human p53
specific monoclonal antibody, PAb1801, after fix-
ing as described in the Materials and Methods.
There was no detectable p53 staining of any of the
10 normal tissues, but 3 (38%) of the 8 preneo-
plastic tissues demonstrated high p53 staining in
the nuclei of the epithelial cells. Moreover, 19 (76%)
of the 25 neoplastic specimens demonstrated
moderate to intense nuclear p53 staining in the
cancer cells (Table 2). No positive correlation
between the degree of histological malignancy and
the intensity of p53 protein staining was seen.

Table 2. Clinicopathological and immunohistochemical analysis of preneoplastic ane neoplastic human oral tissue

# of Specimens . History of Heavy Histological .
(Sex of patients) Location Tobacco Consumption Findiris p53 staining
Preneoplastic
1 M) Tongue Yes Severe epithelial dysplasia No (-)
2 (M) Tongue No Mild epithelial dysplasia No (-)
3 M) Lower lip Yes Severe epithelial dysplasia No (-)
4 (M) Gingiva No Moderate epithelial dysplasia Yes (++4)
5 (F) Gingiva No Severe epitheiial dysplasia No (-)
6 (M) Tongue Unknown Mild epithelial dysplasia Yes (++4)
7 (M) Gingiva No Severe epithelial dysplasia No (-)
8 M) Hard palate No Severe epithelial dysplasia Yes (+)
Neoplastic Tissue
1 (M) Buccal mucosa None Mod. diff. squam. carc. Yes (++)
2 (M) Gingiva Yes Poor. diff. squam. carc. Yes (+)
3 M) Gingiva No Poor. diff. squam. carc. Yes (+4)
4 (M) Gingiva No Mod. diff. squam. carc. No (-)
5 (M) Gingiva No Well. diff. squam. carc. Yes (++4)
6 (M) Tongue No Poor. diff. squam. carc. Yes (+)
7 (M) Tongue No Poor. diff. squam. carc. No (-)
8 (M) Palate No Poor. diff. squam. carc. Yes (++)
9 (M) Lip No Poor. diff. squam. carc. Yes (+4)
10 (M) Gingiva No Meod. diff. squam. carc. Yes (+++)
11 (M) Gingiva Yes Mod. diff. squam. carc. No (-)
12 (M) Palate Yes Poor. diff. squam. carc. Yes (+4)
13 (M) Buccal mucosa No Poor. diff. squam. carc. Yes (+++4)
14 (M) Tongue Yes Poor. diff. squam. carc. Yes (+++)
15 (M) Maxilla No Osteosarcoma No (-)
16 (M) Palate No Poor. diff. squam. carc. Yes (+)
17 (M) Tongue No Poor. diff. squam. carc. Yes (++)
18 (M) Gingiva Yes Poor. diff. squam. carc. No (-)
19 (M) Gingiva No Poor. diff. squam. carc. No (-}
20 (M) Tongue Yes Poor. diff. squam. carc. Yes (+++)
21 (M) Palate Yes Poor. diff. squam. carc. Yes (+++)
22 (M) Mandible Yes Poor. diff. squam. carc.** Yes (+)
23 (M) Tongue Yes Poor. diff. squam. carc. Yes (+)
24 (M) Unknown Yes Poor. diff. squam. carc. Yes (+++)
25 (N/D) Unknown Yes Poor. diff. squam. carc. Yes (+++)

*Tissue specimens were originated from the patients from the Department of Oral & Maxillofacial Surgery, Beijing Medical
University School of Stomatology, in Beijing, Peoples Republic of China.

M: Male; F: Female; N/D: not determined.

Heavy tobacco consumption indicates more than 20 pack-years in cigarette consumption.

No in heavy tobacco consumption indicate that the subjects may have history of smoking less than 20 pack-years.
Mod. diff. squam. carc.:Moderately differentiated squamous cell carcinoma.

Poor. diff. squam. carc.: Poorly differentiated squamous cell carcinoma.

Intensity of p53 staining: -, no staining; +, mild staining; ++, moderate staining; +++, strong staining.

**Metastatic carcinoma.
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Inasmuch as point mutations in the p53 gene ex-
tend the half-life of p53 protein, resulting in an ac-
cumulation of p53 protein in tumor cells (Levine,
1993), the enhanced immunoreactivity may be as-
sociated with the point mutations of p53 gene.

Mutational analysis of p53 cDNA

To determine whether mutations in the p53 gene
exist in normal, preneoplastic and neoplastic oral
tissue, SSCP and sequence analyses of the con-
served p53 region (exons 5, 6, 7, and 8) were con-
ducted using DNA extracted from the tissue as des-
cribed in Material and Methods (Table 3). SSCP
analysis of exons 5 to 8 showed no abnormal mi-
gration of amplified DNA fragments from normal

tissue, indicating no mutations of the p53 gene in
the tested exons of p53. SSCP analysis of exon 7
from the preneoplastic and neoplastic oral tissue
did not reveal an abnormal migration pattern.
However, the migration pattern of amplified exon 8
was abnormal in 2 preneoplastic tissues and 15
cancer tissues. Abnormal migrations of amplified
exons 5 and 8 were detected in two cancer speci-
mens. In order to confirm and specify the location
of point mutations in p53 gene, highly conserved
regions of p53 gene (exons 5 to 8) were sequenced
after amplification as described Materials and
Methods. Point mutations within exons 5 to 8
were not detected in the normal tissue specimens,
but were present in 2 (25%) of the 8 preneoplastic

Table 3. State of p53 mutation in preneoplastic and neoplastic Chinese oral tissue

# of Specimens Codon number Mutation Amino acid change
Preneoplastic Tissue
1 - None -
2 - None -
3 - None -
4 273 CGT - CAT Arginine — Histidine
5 - None -
6 - None -
7 - None -
8 273 CGT >CAT Arginine — Histidine
Neoplastic Tissue
1 273 CGT-»CAT Arginine — Histidine
2 273 CGT - CAT Arginine — Histidine
3 - None -
4 - None -
5 156 GCG—-GCT Silent mutation
273 CGT —»CAT Arginine — Histidine
6 273 CGT - CAT Arginine — Histidine
7 - None -
8 273 CGT »CAT Arginine — Histidine
9 273 CGT -»CAT Arginine — Histidine
10 - None -
11 - None -
12 - None -
13 273 CGT -»CAT Arginine — Histidine
14 - None -
15 - None -
16 273 CGT - CAT Arginine — Histidine
17 273 CGT-»CAT Arginine — Histidine
18 - None -
19 283 CGT > CAT Silent mutation
20 273 CGT > CAT Arginine — Histidine
21 - None -
22 275 TGT »>TGC Silent mutation
273 CGT - CAT Arginine — Histidine
23 157 GGT - GTT Glycine - Valine
273 CGT - CAT Arginine — Histidine
24 273 CGT > CAT Arginine — Histidine
25 273 CGT > CAT Arginine — Histidine

The SSCP of the exones 5, 6, 7, and 8 of p53 gene was analyzed using PCR amplification and gel electrophoresis. Moreover,
to confirm the SSCP results, all amplified exons were cloned and sequenced to determine the type of mutation as described
in Material and Methods.
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tissue and in 15 (60%) of the 25 cancer specimens.
Of the tissues with mutations, 2 (100%) preneo-
plastic and 14 (93%) neoplastic tissues contained
a CGT to CAT mutation at codon 273, consisting
of an amino acid substitution of arginine to his-
tidine. A silent point mutation at 283 codon (CGC
to CTC) was noticed from one cancer specimen.
Three cancer specimens contained silent point mu-
tations at codons 156, 157 and 275, but they also
showed point mutations at codon 273 (Table 3).
The sequence analyses revealed that all samples
with abnormal migration in SSCP contained point

mutations. Sixty percent of cancer specimens
derived from patients with heavy cigarette smoking
(more than 20 cigarette smoking a day for over 30
years) contained point mutations of p53, while 66%
of cancer samples from non-heavy smokers show-
ed p53 mutations.

Mutational analysis of MTS1/CDK4I

Normal tissues did not demonstrate any mu-
tations in the MTS1/CDK4l gene. Three of 8
preneoplastic tissues contained no mutations, but
the remaining 5 specimens showed point mu-

Table 4. State of MTS1/CDK4I gene mutation in preneoplastic and neoplastic Chinese oral tissue

# of Specimens Codon number Mutation Amino acid change
Preneoplastic Tissue
1 12 GCG->GCT Silent mutation
13 GCC — CC (Deletion) Frame shift
2 95 CGG - CAG Arginine — Glycine
106 CCC-CC Frame shift
3 - None None
4 31 AAC—-GAC Asparagine — Asparatic acid
5 - None None
6 - None None
7 111 GAG > GTG Glutamic acid — Valine
8 72 CGA->TGA Arginine —» Amber
Neoplastic Tissue
1 118 GTC - GAC Valine — Asparagine
124 GCC - GTG Alanine — Valine
2 Deletion Deletion No amplification
3 91 CGG-CTG Arginine — Valine
4 40 CCG->TCG Proline — Serine
5 74 GTG - GCG Valine — Alanine
6 25 GAG - AAG Glutamic acid — Lysine
29 CTG—->CTT Silent mutation
7 - None None
8 40 CCG->TCG Proline — Serine
9 34 AAT S AGT Asparagine — Serine
53 AGT - GGT Serine - Glycine
91 CGG-CTG Arginine — Leucine
10 - None None
11 40 CCG->ACG Proline — Threonine
12 - None None
13 Deletion Deletion No amplification
14 34 AAT 5 AGT Asparagine — Serine
15 Exon 2 Deletion (16 bp) Frame shift
16 131 GGC > GAC Glycine — Asparagine
17 Exon 1 Deletion No amplification
18 Exon 1 Deletion No amplification
130 AGA - AAA Arginine — Lysine
19 103 GGC -5 GAC Glycine — Asparagine
111 GAG > GAA Silent mutation
20 - None None
21 Exon 2 Deletion No amplification
22 143 CCC—CTC Proline — Leucine
23 - None None
24 46 ATG - ATT Methionine — Isoleucine
25 - None None

Both exons 1 and 2 of the MTS1/CDK4I gene were amplified, cloned in pCRII vector, and sequenced as described in

Material and Methods.
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tations: 4 missense mutations and 1 silent mu-
tation. The preneoplastic tissue showing a silent
point mutation also contained a deletion of one nu-
cleotide at codon 13, resulting in a frame shift
(Table 4). Of the 25 tested neoplastic tissue sam-
ples, 20 specimens showed either point mutations
or deletion of the gene: (1) 4 tissues with multiple
point mutations, (2) 1 specimen containing both
deletion (no amplification of exon 1) and point mu-
tation of codon 130, (3) no amplification of the
gene (either exon 1 or 2, or both) in 5 samples
probably due to deletion of the gene or deletion at
the primer binding sites, (4) 9 specimens with sin-
gle point mutations, and (5) 1 sample with frame
shift of the gene because of the deletion of 16 nu-
cleotides (Table 4). However, unlike the p53 mu-
tations which showed specific point mutations in
codon 273, we were not able to detect any specific
pattern of mutations or mutation “hot-spots” in
the MTS1/CDK4l gene from the tested preneo-
plastic or neoplastic tissues.

Discussion

The presented data demonstrate that a high per-
centage of preneoplastic and neoplastic oral tis-
sues from Beijjing, China show mutations in p53
gene. Moreover, a high percentage of preneoplastic
and neoplastic tissues also contained a high level
of pb53 protein. Inasmuch as the point mutation of
unstable wt p53 protein resulis in the pro-
longation of the half-life of this protein (Kemp et al.,
1993), the high level of mutant p53 protein in the
preneoplastic and neoplastic tissue containing the
point mutations was expected. Positive correlation
of p53 point mutations with an accumulation of
p53 protein indicates that immunostaining of p53
protein is a reliable analysis to predict p53 point
mutations in oral cancer specimens. However, we
also observed a high level of p53 in certain preneo-
plastic and neoplastic tissues that did not contain
point mutations at the tested exons. Though the
mode of enhanced p53 protein levels in these tis-
sues remains unknown, the increase may result
from either the mutations at untested exons (e.g.
exons 1, 2, 3, 4, and 9) or due to the overex-
pression of wt pb3 gene. The SSCP analysis de-
monstrated an extremely high reliability in screen-
ing for the mutations of p53 gene: All amplified ex-
ons with abnormal migration showed point mu-
tations.

The frequencies of p53 point mutations in the
tested preneoplastic and neoplastic oral tissue
were similar to other reports studied in Cau-
casians and other races (Sakai et al., 1992;
Caamano et al., 1993; Brachman et al., 1992;
Burns et al., 1993). The most striking observation
from this study is the frequency of mutation in co-
don 273 of p53 gene: Over 90% of specimens con-
taining point mutations showed point mutations
in the codon 273. We have repeated the paraffin
sectioning, amplification, cloning, and sequencing
from each tissue sample for at least 3 times fo
rule out the possibility of cross contamination,
and have found the point mutation at codon 273
to be consistent. Although codon 273 of p53 gene
is one of the “hot-spots” for point mutations in all
types of human tumors (Hollstein et al., 1991), the
unusually high frequency in point mutation in
this codon seen in preneoplastic and neoplastic
oral tissue specimens from China deserves further
investigation to establish risk factor(s) involved in
oral carcinogenesis. Frequent mutations in codon
273 in both preneoplastic and malignant oral tis-
sue specimens also indicates that the mutation
may occur early in oral carcinogenesis. Although
the mutation of p53 is relatively rare in the early
stages of colorectal and bladder cancers (Magrisso
et al., 1993; Sidransky et al., 1991). a significant
body of evidence suggests that altered function of
p53 gene (overexpression or mutation) is an early
event in most other human cancers (Donehower
and Bradley, 1993; Levine et al., 1994). Moreover,
many studies have also shown either the overex-
pression or mutation of p53 in preneoplastic oral
(head and neck) lesions, supporting the concept
that p53 dysfunction is an early event in oral
squamous cell carcinogenesis (Wang et al., 1993;
Shin et al., 1994; Sauter et al., 1994). Similar to
these reports, our data also show that aberrant ex-
pression or p53 mutation is common in a high per-
centage of preneoplastic oral tissues, indicating
that the dysfunction of p53 appears to be an early
event in oral carcinogenesis.

Numerous studies have indicated a positive
correlation between p53 mutations and the history
of tobacco consumption in head and neck cancer
{Brennan et al., 1995). Exposure of cells to benzo
{(a)pyrene, the main chemical carcinogen found in
smoked tobacco tar has been shown to cause mu-
tations of p53 (Ruggeri et al., 1994). Our data also
shows such a positive correlation between tobacco
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consumption and p53 mutations: 60% of cancer
specimens derived from patients with a history of
heavy tobacco consumption showed p53 mu-
tations. However, a similarly high percentage of
cancer samples obtained from subjects with his-
tory of non-heavy tobacco consumption also de-
monstrated p53 mutations. A high percentage of p
53 mutation rate in cancer specimens from non-
heavy smokers could be due to (1) the small numb-
er of samples analyzed and/or (2) other en-
vironmental and genetic factors playing a major
role in the mutation of p53. Precise determinants
of correlation will require further studies.

Our data also indicates that tested preneoplastic
and neoplastic specimens contain extremely high
frequency of mutations in MTS1/CDK4I gene. The
high frequency of mutations of MTS1/CDK4I gene
in tested preneoplastic and neoplastic oral tissues
is similar to those in melanoma cell lines, lym-
phoblastoid cell lines derived from dysplastic ner-
vous system, oesophageal squamous cell car-
cinomas, primary non-small cell lung carcinomas,
and pancreatic adenocarcinomas (Kamb et al.,
1994; Nobori et al., 1994; Mori et al., 1994; Hay-
ashi et al., 1994; Caldas et al., 1994). Though the
mutation frequency of MTS1/CDK4I is similar to
that of p53 in Chinese oral cancer specimens, the
type of mutations was different from that of pb3
gene including: Different types of anomalies such
as (1) point mutations, (2) no PCR amplification of
the gene probably because of complete deletion of
the gene or deletion at the primer binding sites,
and (3) frame shift because of deletion of one or
more nucleotides were observed from the tissue
specimens and may account for the difference.
These data indicate that, unlike the p53 gene, site
of point mutations of MTS1/CDK4l gene may not
be specific in the tested preneoplastic and neo-
plastic tissues. Presence of MTS1/CDK4I mu-
tations in a high percentage of preneoplastic oral
tissues deserves further attention, and the present-
ed data indicates that the mutation of this gene
may, in part, be responsible for a conversion of
normal cells to preneoplastic cells in the human
oral cavity.

The role of mutations or aberrant expression of
p53 and MTS1/CDK4l in oral carcinogenesis re-
mains unknown. However, inasmuch as both p53
and MTS1/CDK4I gene products play an im-
portant role as the check point determinants of
cell cycle progression, mutation of either p53 or

MTS1/CDK4I gene may perturb the control of cell
cycle progression of cells. In fact, wt p53 plays a
critical role in establishing G, cell cycle arrest
when cells are challenged by DNA damaging
agents (Kastan et al., 1991; Kuerbitz et al., 1992;
Gujuluva et al., 1994). The transient arrest of cell
cycle progression may permit the repair of damag-
ed DNA prior to DNA replication and thus prevent
the propagation of heritable genetic errors caused
by DNA damaging agents (Weinert et al., 1988).
Moreover, wt pb3 is involved in DNA repair
processes via enhancing the expression of gadd45
gene (Smith et al., 1994). Though detailed func-
tions of the MTS1/CDK4I gene product, pl6, re-
main to be investigated, the pl6 protein inhibits
the function of cdk4 and cdk6 by binding to them
in competition with cyclin D {Serrano et al., 1993;
Hannon and Beach, 1994). The loss of functional
pl6 activity could result in the loss of G,/S phase
cell cycle control and promote growth advantage of
cells. A closely related gene pl5™“* has been
mapped next to MTS1/CDK4I gene in human chro-
mosome (Hannon and Beach, 1994). Thus mu-
tation of either p53 or MTS1/CDK4l gene would
cause cells to be genetically unstable especially
when challenged by genotoxic agents, resulting in
the generation of tumor cells. Inasmuch as human
oral epithelial cells are continuously challenged by
innumerable genotoxic agents from the oral cavity,
preneoplastic cells having mutations in either p53
or MTS1/CDK4I gene could easily convert to tu-
mor cells. Our data show that mutations of both
P53 and MTS1/CDK4I genes are frequently found
in preneoplastic oral tissue, indicating that these
mutations may occur at an early stage of oral car-
cinogenesis and may play a major role in further
conversion of these prenecoplastic cells to cancer
cells.
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